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Objectives: evaluation of urgent carotid artery surgery with new diagnostic techniques and changing surgical considera-
tions at a university hospital.
Design, material and methods: prospective monitoring and assessment of outcome in 67 patients who underwent urgent
carotid surgery because of symptomatic extracranial carotid artery involvement. Patients were examined via the stroke unit:
duplex sonography was mandatory for diagnosis of extracranial carotid artery disease, as was proof of an open middle
cerebral artery (MCA). Assessment of intracerebral damage followed CT or MR imaging procedures. Perioperative and
surgical management was standardized. Neurological impairment was assessed pre-, postoperatively and at follow-up using
the Rankin scale. `` Urgent'' was defined as `` immediate'' after the final diagnostic step had been performed.
Results: within a period of 26 months 67 symptomatic patients (58% stroke, 42% TIA) underwent urgent carotid surgery.
Median time from admission to surgery was 2 days. In all but five cases flow through the ICA could technically be restored
(93%). Thirty-day mortality was 3% and disease-related morbidity 13%. The one and two year survival rates were 92 and
90%, respectively. No ipsilateral recurrent stroke occurred during follow-up.
Conclusions: clinical decision-making based on stratified diagnostic workup by means of extra- and intracranial as well as
intracerebral hemodynamics using new imaging techniques may select patients who will benefit more from urgent surgery
than from conservative management.
Key Words: Cerebral ischemia; Stroke; Stroke unit; Diagnostic criteria; Internal carotid artery reconstruction; Urgent
carotid surgery.
Introduction
In the past vascular surgeons have been taught to
avoid carotid artery surgery in acute stroke because
of the high probability of intracranial bleeding leading
to high perioperative mortality and morbidity.1±4 Only
recently have neurologists accepted indications for
urgent carotid surgery.5±8 based on new diagnostic
techniques9±12 and close clinical observation during
care in the stroke unit.13,14 The new and old aims are
to prevent disabling or recurrent stroke. However, so
far the indications for urgent reconstruction of the
internal carotid artery (ICA) have not yet been defined
precisely. Surgical safety measures and the diagnostic
armentarium have changed substantially during
recent years. By combining Doppler/duplex sonogra-
phy, i.a. DSA and magnetic resonance imaging (MRI)
techniques, patients with dangerous ICA occlusive
disease but substantial tissue to rescue (i.e., the
penumbra) can be identified. The results and assess-
ment of this concept are presented in 67 prospectively
followed cases.
Material and Methods
Patients
From the start of the neurological stroke unit (SU) at
the University of DuÈ sseldorf on 1 November, 1997
until 31 December, 1999, we prospectively monitored
all patients who were diagnosed via the SU and
transferred to our operating theatre for urgent carotid
surgery. In close collaboration with neurologists,
neuroradiologists, and vascular surgeons, consensus
was arrived at on the basis of the following criteria for
patient selection: (1) presence of symptomatic extra-
cranial carotid disease; (2) patent ipsilateral middle
cerebral artery (MCA); (3) acute stroke, recurrent
stroke or recent TIA with crescendo symptoms or
aggravation within the last 7 days but (4) remaining
consciousness.
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Patients who met the criteria retrospectively, but
were not selected for carotid artery surgery by the
neurologist and/or vascular surgeon on duty, were
treated simply with body-weight-adapted heparin.
They were followed up independently for the purpose
of matched-pair controls.
A total of 67 patients underwent urgent carotid
surgery after diagnostic work-up. These patients con-
stituted 11% of all carotid artery operations (n 584)
performed at our department during this time period.
The overall number of reconstructions performed was
70 because three patients had bilateral surgery during
the same anesthesia. General characteristics of
patients, demographic data, possible risk factors and
co-morbidities as well as diagnostic data and recon-
structive techniques applied15 are shown in Table 1.
Preoperative clinical findings were stroke in 39
patients (58%) and TIA in 28 patients (42%) (Table 1).
Stroke with a stable neurological deficit occurred in
11 patients (16%), stroke with stuttering symptoms in
11 patients (16%) and progressive stroke in 10 patients
(15%), and seven patients (10%) had developed stroke
subsequent to TIA. Crescendo TIA was present in
24 patients (36%). In three patients with TIA, angio-
graphic findings were critical: a small, mobile throm-
bus in one patient, subtotal carotid artery stenosis in
the second and high-grade carotid artery stenosis on
both sides in the third. In one case progression from
stenosis to carotid occlusion was found accidentally
by duplex sonography within 12 h after the acute
symptomatology, but without new clinical symptoms.
Median time between admittance to our university
and operation was 2 days and ranged from 0 to
18 days, depending on the stability of the patient or
progression of clinical symptoms and embolisation
from or progression of the occlusive lesion.
Diagnostic procedures
Diagnosis of high-grade ( 70%) stenosis or acute
occlusion was established by means of Doppler and
duplex sonography. Magnetic resonance arterio-
graphy (MRA) and/or i.a. DSA was additionally per-
formed in cases of multivessel involvement, suspicion
of pseudo-occlusion, contralateral occlusive disease of
the distal ICA and in cases with inconclusive non-
invasive findings. A patent MCA had to be documen-
ted by transcranial Doppler (TCD), MR arteriography
(Fig. 1a), or i.a. DSA (Table 1).
MRI procedures were used to quantify acute rever-
sible and irreversible ischemic brain damage.9±12 For
assessment of actual brain tissue damage, CT or,
whenever possible, MRI with diffusion-weighted
imaging (DWI) and perfusion-weighted imaging
(PWI) was performed (Fig. 1b). By means of color-
coded PWI the cerebral area of critical ischemia was
visualized. As shown earlier, a time-to-peak delay in
perfusion imaging of greater than 4 s compared to the
contralateral hemisphere had to be considered `` tissue
at risk''.9,12 Because quantitative lesion volumetry as
detailed by WITTSACK16 is time consuming and not
always available outside normal working hours, it
was only performed in selected cases: volumetric
analysis was performed only on DWI and time-to-
peak (TTP) PWI maps. A semiautomatic segmentation
Table 1. General patient characteristics.
Demographic data
Patients (n) 67
Men (n) 47 (70%)
Women (n) 20 (30%)
Age ± median (range) (y) 65 (36±84)
Risk factors/co-morbidity
Hypertension 57 (92%)
(systolic pressure on admissions  160
and/or diastolic pressure  100 mmHg)
Smoking 48 (77%)
(more than 1 cigarette/day and longer
than 1 year)
Coronary heart disease 41 (66%)
(myocardial infarction, angina, congestive
heart failure, valvular heart disease,
atrial fibrillation)
Diabetes 70 (27%)
Diagnostic procedures
Doppler/duplex 67 (100%)
i.a. DSA 28 (42%)
MRA/MRI 48 (72%)
Old lesions 5 (10%)
PWI/DWI mismatch 33 (69%)
No DWI lesions 10 (21%)
Vascular characteristics
Ipsilateral ICA
Occlusion 22 (33%)
Stenosis  70% 40 (60%)
Pseudo-occlusion 5 (7%)
ICA contralateral
Normal 42 (63%)
Occlusion 13 (19%)
Stenosis  70% 12 (18%)
Clinical presentation
Stroke: 39 (58%)
Stable 11 (16%)
Stuttering 11 (16%)
Progressive 10 (15%)
Stroke following TIA 7 (10%)
TIA: 28 (42%)
Crescendo TIA 24 (36%)
TIA (critical findings) 4 (6%)
Operations in total 70 (100%)
CEA, vein patch closure 55 (82%)
Eversion CEA15 5 (7%)
Vein graft interposition 2 (3%)
No reconstruction 5 (7%)
Additional thrombectomy 14 (21%)
Bilateral reconstruction 3 (4%)
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technique was used for tracing manually defined
regions in the contralesional hemisphere. The average
value of these reference region-of-interest signal inten-
sities served as the control. Lesion volumes in DWI
were determined by using a threshold of 20% of the
signal intensity above the control. The resulting
20 lesion volumes were then compared with the
volume of the infarction at day 8. This latter volume
was determined manually by tracing the edge of the
hyperintense area on T2-weighted MR images.
Impairment was assessed clinically following the
RANKIN impairment scale,17 the BARTHEL index18
(a)
DWI
PWI
(b)
Fig. 1. Acute MCA infarction: (a) MRA: preoperative missing perfusion in ICA and severely reduced perfusion in left MCA (left) and
postoperative normal MRA (right). (b) MRI: severe PWI/DWI mismatch in acute left carotid artery occlusion 5 h after stroke onset: small
DWI lesion in left insular cortex, surrounded of a large area of severely delayed perfusion in the entire MCA territory, normal perfusion in
basal ganglia and thalamus.
62 R. Huber et al.
Eur J Vasc Endovasc Surg Vol 25, January 2003
and the European Stroke Scale (ESS)19 before transfer
to the operating theatre, 8 days after surgery, and
during follow-up.
Perioperative management
Surgery was performed under general anesthesia and
was standardized with early clamping of the common
carotid artery before dissection of the bifurcation and
the distal ICA. On the basis of earlier studies, shunting
was applied routinely because patients who had
experienced a previous stroke or showed CT findings
positive for stroke (regardless the hemisphere
involved) tended to have a better outcome with shunt-
ing.20 Patients were placed on heparin in the SU, and
heparin therapy was maintained during surgery and
continued with a low dosage afterwards, followed by
aspirin 100 mg daily.
Statistics
Quantitative lesion volumetry16 was compared in
eight patients who were matched for gender, age and
neurological scale (ESS)19 with patients who were
managed by anticoagulation with heparin alone. Sur-
vival rates were calculated using the Kaplan±Meier
method. Survival times were treated as censored
observations if the respective patient was alive at
the last follow-up (15 August, 2000). All statistics
and graphics used below are descriptive and were
prepared using the SPSS1 statistical package.
Results
Flow through the ICA could technically be restored in
62 patients (93%). In five (7%) patients the carotid
artery could not be reconstructed. Backflow after
thrombectomy could not be achieved because throm-
bosis extended into the siphon.
The 30-day mortality was 3% (2/67). Death
occurred in two patients with contralateral ICA occlu-
sion; one of them died 2 days postoperatively, the
other developed a secondary infarction with brain
edema 5 days postoperatively and died 24 days later.
Postoperative procedure-related morbidity concern-
ing peripheral nerve lesions (n 2) delayed wound
healing (n 2), and reoperation because of hematoma
(n 1) was 7%.
Postoperative neurological morbidity was 13%
(9/67). Twenty-six (39%) patients remained free of
symptoms. According to evaluation by the Rankin
scale17 done on day 8 postoperatively, clinical disabil-
ity improved or remained stable (Rankin  3) in
25 (37%) stroke patients. Sixteen (24%) patients
remained severely disabled (Rankin 4,5) or deterio-
rated (Table 2). Three patients, in whom flow through
the ICA could not be restored developed brain edema,
which resolved spontaneously in two patients. In the
third patient craniotomy was necessary for shifting of
the midline. Of the total 67 patients only one patient
had secondary intracerebral bleeding detected by
CT scanning performed routinely, but without new
clinical symptomatology.
The volume of the ischemic brain lesions had
decreased in eight patients until day 8, as assessed
by quantitative lesion volumetry16 compared to a dif-
ferent group of patients matched for gender, age and
ESS19 who were managed by anticoagulation with
heparin alone. Barthel index18 improved too, but simi-
larly in the two groups (Table 3).
Median follow-up was 1.5 years; until 15 August,
2000 and was complete for all patients. During this
time period all patients were on aspirin 100 mg/day.
Five patients died after 39, 300, 314, 471, and 927 days,
respectively. The causes of death were intracerebral
bleeding on the contralateral side with ventricular
rupture in one case, myocardial infarction in two
cases, postoperative peritonitis after surgery for can-
cer in two patients. Survival after 1 or 2 years was 92
and 90%, respectively (Fig. 2).
All surviving patients live at their home. Five
patients are dependent on help from their families.
No further strokes or TIAs have occurred. Two
patients developed grand mal seizures after stroke
and are under anticonvulsive medication. One patient
was reoperated on later for asymptomatic recurrent
stenosisand hassubsequently remainedasymptomatic.
Table 2. Outcome of carotid surgery in acute symptomatic
patients.
Rankin postoperative Total
0 1 2 3 4 5 6
Rankin preoperative
0 26 2 28
1 1 1
2 7 1 8
3 1 3 4 3 1 1 1 14
4 2 2 5 3 12
5 1 2 1 4
Total 28 12 6 7 6 6 2 67
Bold: Unchanged and postoperative RANKIN 0±3 (n 51,
76%).
Italic: Deteriorated and RANKIN 43 (n 16; 24%).
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Discussion
The results of ECST21,22 and NASCET6,23 and the
therapeutic demands of stroke units13,14,24 based on
new imaging techniques have continually changed the
general view of carotid surgery in acute symptomatic
patients. Although some surgeons have always
insisted that there is a place for this particular
indication, there have been no guidelines and clear
criteria defining the objectives under which a patient
with acute stroke from occlusive carotid artery disease
should, might, or should not undergo urgent
reconstruction.
Morphological abnormalities of the ICA require
technical skills in dealing with specific problems of
carotid artery surgery, such as occlusive disease near
the skull base, siphon involvement, loose thrombi not
adherent to the vessel wall, continuous embolization,
and even dissection. In our series flow through the
ICA could technically be restored in 93%, in five
patients surgery was unsuccessful because the ICA
was found to be occluded at surgery even though
preoperative arteriography indicated it was not.
Three patients probably got worse as a result of the
intraoperative thrombectomy maneuvers. None-
theless outcome studies have shown better long-term
results with the ICA remaining patent, resulting in a
lower risk of stroke recurrence.25±28 In our opinion,
today acute occlusion of the ICA should always be
removed if the probability of infarction or reinfarction
during the spontaneous course of the disease is esti-
mated to be extremely high.28,29
A 30-day mortality of 3% and a morbidity of 13%
( aggravation of stroke symptoms) still remain
Table 3. Matched-pair selection for MRI lesion volumetry (gender, age, ESS).
Gender Age Preoperative Postoperative
ESS Score Barthel
Index
MRI PWI 4s
(ml)
ESS Score Barthel
Index
MRI T2
(ml)
Endarterectomy patients
Female 47 61 40 97 89 100 27
Male 65 84 90 152 98 100 4
Male 71 88 30 75 88 60 17
Female 68 42 30 42 42 30 26
Male 74 66 35 39 66 35 75
Male 53 48 20 65 92 100 10
Female 60 90 100 93 90 100 25
Female 55 57 45 37 77 55 10
Median (range) 63 (47±74) 64 (42±90) 38 (20±100) 72 (37±152) 89 (42±98) 78 (30±100) 21 (4±75)
Before heparin After heparin
Matched heparin treated patients
Female 64 82 80 55 90 90 33
Male 58 68 100 29 96 100 31
Male 75 72 45 43 56 35 41
Female 55 36 10 116 71 25 104
Male 67 47 10 196 91 75 93
Male 50 30 25 152 91 75 165
Female 60 92 85 40 100 100 10
Female 61 39 10 92 86 65 59
Median (range) 61 (50±75) 58 (30±92) 35 (10±100) 74 (29±196) 88 (49±100) 70 (25±100) 50 (10±165)
p5 0.05 compared with preoperative volume, Wilcoxon Rank test.
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Fig. 2. Cumulated survival (Kaplan±Meier). (n 67). Survival times
were treated as censored observations if the respective patient was
alive at the last follow-up.
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higher than in 2262 patients that underwent elective
carotid surgery at our hospital from 1990 to 199930 (30-
day mortality 0.9%, morbidity 4.8%). These figures do
not represent an argument against urgent carotid sur-
gery, because during the spontaneous course of the
disease early reinfarction rates ( onset of new stroke)
of 1.2±9% have been reported.31 The major concern
about urgent surgery was the possibility of intracra-
nial hemorrhage, as long as the blood-brain barrier is
not closed. Despite former reports1±4 we have evi-
dence that early carotid surgery is not associated
with high intracerebral bleeding rates (1%) even dur-
ing the first days after the stroke.
With the availability of MRI-derived assessment of
structural and perfusion deficit, the decision for sur-
gery is made on the basis of how much tissue is at risk
and how much the patient might improve after
removal of the perfusion deficit.
We assumed that cases in which the perfusion-deficit
area (PWI) was significantly more extensive than the
DWI lesion, reflecting the PWI/DWI mismatch area,
would be ideal candidates for urgent carotid artery
reconstruction, because the volume mismatch indicates
critically hypoperfused tissue at risk for ischemic
damage16,32,33 (Fig. 1b). Other reasons for aggressive
treatment are the individual limitations of collateral
circulation in acute infarction, both resulting in hemo-
dynamic impairment within the territory of the ICA
exposed, as well as the contralateral hemisphere in the
case of bilateral ICA occlusion (Fig. 3). The new and
sensitive MRI techniques show even more clearly than
computed tomography that the distinct differentiation
between TIA and stroke is only clinical: following MRI
criteria, a TIA patient can easily have a brain infarction
(Fig. 4); this renders carotid surgery even more urgent
in patients with crescendo TIA and DWI lesions.
From the patient's point of view, the result of surgery
will always be classified clinically, but the perspective
that restoration of blood flow in the carotid artery also
restores cerebral perfusion, thereby salvaging brain tis-
sue at risk, might be equally important and remains a
challenging question. In eight patients in whom we
ICA occlusion:
stable left side,
acute right side
(b)
(a)
Postoperative:
CEA right side
Fig. 3. Effect of acute CEA in bilateral ICA occlusion as assessed in time-to-peak perfusion maps: (a) Preoperative severe deprivation of
perfusion in ICA and MCA territory of both hemispheres (yellow) and total lack of perfusion in the right prefrontal cortex (red), normal
perfusion in cerebellum and brainstem including both thalami (blue). (b) Virtually complete restoration of perfusion after CEA right side.
Note persistent lack of perfusion in the infarcted right prefrontal cortex.
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were able to obtain pre- and postoperative MRI, a
decrease in lesion volume and neurological improve-
ment were evident, as assessed with the Barthel score of
daily activities.18 When we compared these findings to
a group of stroke patients matched for gender, age and
neurologic status (ESS19) that were treated with heparin
alone, we observed that the decrease in lesion volume
was more favorable in patients undergoing restoration
of carotid flow, whereas the Barthel index improved to
the same extend in the two groups (Table 3).
During the spontaneous course of the disease rein-
farction rates of 12%34 and a mortality of 19%35 within
the first year after onset of symptoms have been
reported. In our patients, reinfarction within the for-
mer symptomatic hemisphere related to the recon-
structed ICA did not occur and the 1 and 2 year
survival rates were 92 and 90%.
In conclusion, on the one hand, the criteria for
patient selection in urgent carotid surgery will have
to follow traditional aspects such as extracranial
carotid artery involvement, minor clinical and intra-
cerebral deficit, and whether the patient is conscious
or not. On the other, the preservation of an open MCA,
and the PWI/DWI mismatch reflecting the brain tis-
sue at risk (i.e., penumbra) must also be reconsidered.
Although in an expert stroke team the necessary infor-
mation can be obtained within a few hours, even in a
university hospital, the time frames are still long, as
we have found that there is a median of 2 days from
hospital admission until surgery. Recently, however,
this time interval has shown a decrease.
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